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(54) LIQUID SPRAY DEVICE 



(57) An atomizing chamber 10C is provided in a part 
of a device housing 1, and a liquid feeding mechanism 
30 is provided in the other part of the device housing. At 
least a part of ultrasonic vibrators 20, 21 is disposed in- 
side the atomizing chamber, and a liquid feeding hole 
16a is provided in part of a wall of the atomizing cham- 
ber. A liquid bottle 90 having a minute hole provided at 
a tip end thereof and having a movable piston 93 pro- 
vided therein is mountable on one end of the liquid feed- 



ing mechanism, and the liquid feeding mechanism can 
be positioned such that the minute hole of the liquid bot- 
tle mounted on the liquid feeding mechanism and the 
liquid feeding hole formed in the atomizing chamber co- 
incide with each other. The liquid feeding mechanism 
has a manual operating member 40 and pressing mech- 
anisms 50, 60 for causing the piston in the mounted liq- 
uid bottle to advance by a predetermined stroke when 
the manual operating member is operated. 



Fig. 5 
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Description 

Technical Field 

[0001] The present invention relates to a device for 
atomizing a liquid (including an aqueous medication) by 
ultrasonic vibration, which is called by an ultrasonic at- 
omizer (nebuliger), an ultrasonic inhaler and other 
names, a liquid feeding (supplying) mechanism, an at- 
omizing mechanism, or an atomization controller which 
constitutes a part of the atomizing device, and a liquid 
bottle (a aqueous medication ampoule) used for supply- 
ing a liquid (mainly a aqueous medication) to a user with 
the bottle filled with the liquid and having a structure par- 
ticularly suitable for the atomizing device. 

Background Art 

[0002] In an electric inhaler or a portable inhaler which 
is used by a user (a patient) himself or herself, it is dif- 
ficult to prescribe a dose of aqueous medication to be 
used correctly and sanitarily. 

[0003] JP^-8-502689 describes various examples of 
feeding devices. Also in the examples, a user measures 
the amount of feed of a liquid, or the structure of a meas- 
uring device is not fully disclosed. 

Disclosure of Invention 

[0004] An object of the present invention is to provide 
a liquid feeding mechanism (supplying device) capable 
of always feeding a fixed amount of liquid in simple op- 
erations. 

[0005] Another object of the present invention is to 
provide a liquid bottle suitable for the above-mentioned 
liquid feeding mechanism (device). 
[0006] Still another object of the present invention is 
to provide a mechanism (device) capable of atomizing 
a fed liquid without leaving the liquid as possible. 
[0007] A further object of the present invention is to 
provide a liquid atomizer (liquid atomizing device) hav- 
ing the above-mentioned features. 
[0008] A still further object of the present invention is 
to provide a liquid atomizer (liquid atomizing device) 
suitable for portability. 

[0009] A liquid feeding mechanism capable of always 
feeding a fixed amount of liquid according to the present 
invention comprises a cylindrical housing having an end 
on which a liquid bottle having a movable piston dis- 
posed therein is mountable; a pushing operating mem- 
ber which is pressed (by a manual operation) to be 
moved by more than a first predetermined stroke (which 
may be the first predetermined stroke) and is returned 
to its original position (when there is no pressing force 
by the manual operation); a fixed angle rotating mech- 
anism for converting movement by more than the first 
stroke of the pushing operating member into forward ro- 
tation of a predetermined angle; and a screw which is 



held in the cylindrical housing so as to be rotatable by 
screwing and is disposed so as to advance by a second 
predetermined stroke when it is rotated in a forward di- 
rection through the predetermined angle by the fixed an- 
5 gle rotating mechanism to press the piston in the liquid 
bottle. The liquid bottle includes an aqueous medication 
bottle or a aqueous medication ampoule (ampul or am- 
pule). Generally, a hole (a minute hole) is provided at a 
tip end of the liquid bottle, or a valve is provided in ad- 
10 dition to the hole. 

[001 0] A user may press the pushing operating mem- 
ber. Motion by a user's pushing (or pressing) operation 
is converted into rotation of a predetermined angle. The 
rotation of the predetermined angle is converted into 
15 motion by a predetermined stroke of the screw for press- 
ing the piston in the liquid bottle. The piston in the liquid 
bottle is always pressed by the predetermined stroke. If 
the cross-sectional area of the liquid bottle is constant 
along the length thereof, a fixed amount of liquid is al- 
20 ways jetted or ejected from the liquid bottle. 

[0011] Preferably, the first stroke is longer than the 
second stroke. Even when a small amount of liquid is 
fed (supplied), therefore, the user's operation is simple. 
[001 2] Preferably, there is provided a stopper for reg- 
25 ulating the amount of movement of the pushing operat- 
ing member. The user's operation becomes simple. 
[001 3] Preferably, a portion projecting outward is pro- 
vided at a tip end of the screw, and a tip end of this por- 
tion is so formed as to be rounded. The rotation of the 
30 screw does not adversely affect the piston. 

[0014] In a desirable embodiment, there is further pro- 
vided a returning mechanism which engages with the 
fixed angle rotating mechanism for rotating the fixed an- 
gle rotating mechanism in a reverse direction to cause 
35 the screw to retreat. The screw is caused to retreat, 
thereby making it easy to replace the liquid bottle. 
[001 5] More specifically, the pushing operating mem- 
ber comprises a knob guiding member which is provided 
so as to be rotatable at the other end of the cylindrical 
40 housing, a knob shaft which is provided so as to be ax- 
ially movable in a state where the rotation thereof is pre- 
vented by the knob guiding member, and a knob which 
is provided at an outer end of the knob shaft. 
[001 6] The fixed angle rotating mechanism comprises 
45 a fixed angle rotating member which engages with the 
screw so as to be rotated together with the screw and 
so as to be movable along the axis direction of the screw, 
a sliding finger which is fixed to the fixed angle rotating 
member, extends along the knob shaft, and has a slope 
50 formed at a tip end thereof, a return spring for urging the 
fixed angle rotating member toward the knob guide, a 
cam cylinder which is provided inside the knob guiding 
member, and has an oblique cam surface which the tip 
end of the sliding finger brought into contact with and 
55 slides by a force of said return spring to rotate the fixed 
angle rotating member, and a pressing member which 
is provided at an inner end of the knob shaft, and has a 
cam surface for pressing the sliding finger against the 
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force of the return spring in contact with the slope at the 
tip end of the sliding finger when the knob shaft is 
pressed inward through the knob to release the engage- 
ment of the sliding finger with the cam cylinder and 
slightly rotating the fixed angle rotating member to put 
the tip end of the sliding finger on the subsequent ob- 
lique cam surface of the cam cylinder. 
[0017] The returning member comprises the knob 
guiding member. The knob guiding member is of a cy- 
lindrical shape and is provided so as to cover the other 
end portion of the cylindrical housing. An annular groove 
and a lock groove connecting therewith are formed on 
a peripheral surface of the other end portion of the cy- 
lindrical housing, an inner end of a lock pin provided so 
as to penetrate a peripheral wall of the knob guiding 
member enters the annular groove or the lock groove 
so as to be movable, and a lock spring for urging the 
knob guiding member outward is provided between the 
other end of the cylindrical housing and the knob guiding 
member. 

[0018] More generally expressed, the liquid feeding 
mechanism according to the present invention compris- 
es a cylindrical housing having an end on which a liquid 
bottle having a movable piston disposed therein is 
mountable; an operating member which is moved by a 
manual operation and is returned to its original position; 
a fixed angle rotating mechanism for converting move- 
ment of the operating member into forward rotation of a 
predetermined angle; and a screw which is held in the 
cylindrical housing so as to be rotatable by screwing and 
is disposed so as to advance by a predetermined stroke 
when it is rotated in a forward direction through the pre- 
determined angle by the fixed angle rotating mechanism 
to press the piston in the liquid bottle. 
[0019] A liquid bottle according to the present inven- 
tion which is suitable for the liquid feeding mechanism 
has a minute hole formed at a tip end thereof, opens at 
a distal end thereof, has a movable piston disposed 
therein, and is provided with a catch used to mount the 
liquid bottle on a liquid feeding mechanism for pressing 
the piston and for resisting a force for pressing the pis- 
ton. The catch may be a come-off preventing portion 
against a force for pressing the piston, which may be a 
recess, a projection, or a slip preventing portion. 
[0020] It is preferable that when the piston is formed 
of an elastic member, a hard receiving member which 
receives a pressing force from the liquid feeding mech- 
anism is provided in the piston. 
[0021] A cap for covering the tip end including the 
minute hole is provided, so that the liquid bottle be- 
comes more sanitary. 

[0022] An atomizing mechanism according to the 
present invention which is improved to atomize a fed liq- 
uid without leaving the liquid as possible, comprises an 
atomizing chamber in which at least a part of an ultra- 
sonic vibrator is provided, wherein a liquid feeding hole 
is formed on a wall of the atomizing chamber, a liquid 
feeding pipe is provided from the liquid feeding hole to- 



ward the inside of the atomizing chamber, a tip end of 
the liquid feeding pipe reaches the vicinity of the ultra- 
sonic vibrator, and a liquid buffer exists in a part of the 
liquid feeding hole or the liquid feeding pipe, 
s [0023] The liquid feeding pipe may be a hole commu- 
nicating with the liquid feeding hole and formed in a pro- 
jection formed integrally with the wall of the atomizing 
chamber so as to project toward the inside of the atom- 
izing chamber. 

w [0024] The liquid buffer may be a clearance between 
a tip end of the liquid bottle having the minute hole for 
feeding the liquid into the atomizing chamber through 
the liquid feeding hole formed therein and an outer sur- 
face of the wall of the atomizing chamber, or may be a 

15 liquid reservoir formed halfway in the liquid feeding hole 
or the liquid feeding pipe and opening toward the air. 
[0025] The liquid is fed into the vicinity of the ultrason- 
ic vibrator through the liquid feeding pipe, so that almost 
all of the liquid is atomized. The liquid buffer exists half- 

20 way. Accordingly, the liquid is also stored in this buffer 
portion, and sucks in as the atomization progresses. 
The liquid which is not fed into the vicinity of the ultra- 
sonic vibrator is also atomized. 
[0026] When a tip end of the liquid feeding pipe is ob- 

25 liquely cut, the liquid is easily held. 

[0027] In one embodiment, the ultrasonic vibrator 
comprises a horn and a mesh plate provided on an up- 
per end surface of the horn. 

[0028] An atomizing mechanism having the above- 

30 mentioned features according to the present invention 
can be expressed as follows. That is, the atomizing 
mechanism comprises an atomizing casing having a cy- 
lindrical atomizing chamber having a hole formed on its 
lower surface; a horn, a part of which projects into the 

35 atomizing chamber from the hole of the casing, driven 
by ultrasonic vibration; a mesh plate disposed on an up- 
per end surface of the horn; a pressing spring for urging 
the mesh plate in the direction in which the mesh plate 
is brought into contact with the upper end surface of the 

^o horn; a liquid feeding pipe penetrating the wall of the 
atomizing chamber, and introduced into the vicinity of 
the upper end of the horn; and a plate placed on a bot- 
tom surface of the atomizing chamber and having a hole 
formed therein having such an inner diameter as to hold 

45 a clearance between the hole and a peripheral surface 
of the horn. When the amount of liquid to be fed is small, 
the plate is not necessarily required. 
[0029] In all the atomizing mechanisms described 
above, it is further desirable to provide a driving control 

50 circuit for stopping the driving of the ultrasonic vibrator 
once at the time point where the atomization of the liquid 
fed into the atomizing chamber through the liquid feed- 
ing pipe is almost terminated, and then driving the ultra- 
sonic vibrator in a pulse shape once or intermittently a 

55 plurality of times in a short time. The remaining liquid is 
atomized by temporary stop and pulse-shaped ultrason- 
ic vibration subsequent thereto. The amount of liquid 
which remains without being atomized is further re- 
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duced. 

[0030] When the ultrasonic vibrator is more strongly 
vibrated in the short time, the effect is further enhanced. 
[0031] In a device for feeding a predetermined 
amount of liquid to a ultrasonic vibrator to atomize the 5 
liquid by the vibration of the ultrasonic vibrator, an atom- 
ization controller according to the present invention for 
making the amount of liquid which remains without be- 
ing atomized as small as possible comprises means for 
detecting the time point where the atomization of the liq- 10 
uid fed into the ultrasonic vibrator is almost terminated 
( including measurement of time from the start of the at- 
omization); and first control means for carrying out con- 
trol so as to stop the driving of the ultrasonic vibrator 
once in response to the detection of the time point where * 5 
the atomization of the liquid is almost terminated and to 
drive the ultrasonic vibrator in a pulse shape once or 
intermittently a plurality of times in a short time after an 
elapse of a short time since the driving was stopped. 
[0032] The atomization controller preferably further 20 
comprises means for detecting the feed of the liquid to 
the ultrasonic vibrator in a state where the ultrasonic vi- 
brator is weakly vibrated (which may be means respond- 
ing to the manual operation switch) , and second control 
means for carrying out control so as to drive the ultra- 25 
sonic vibrator by such normal power that the liquid is 
atomized in response to the detection of the feed of the 
liquid. 

[0033] In a preferred embodiment, the first control 
means carries out control so as to drive the ultrasonic 30 
vibrator more strongly than the second control means. 
[0034] In another embodiment, there is further provid- 
ed third control means for carrying out control so as to 
weakly vibrate the ultrasonic vibrator in response to the 
turn-on of a power switch. 35 
[0035] The second control means may cause the ul- 
trasonic vibrator to be driven by such normal power that 
the liquid can be atomized in response to the power 
switch or a start switch. 

[0036] In a liquid atomizer according to the present <o 
invention, an atomizing chamber is provided in a part of 
a device housing, a liquid feeding mechanism is provid- 
ed in the other part of the device housing, at least a part 
of a ultrasonic vibrator is disposed inside the atomizing 
chamber, a liquid feeding hole is provided in a part of a 45 
wall of the atomizing chamber, a liquid bottle having a 
minute hole formed at its tip end and having a movable 
piston provided therein is mountable on one end of the 
liquid feeding mechanism, the liquid feeding mechanism 
can be positioned such that the minute hole of the liquid 50 
bottle mounted on the liquid feeding mechanism and the 
liquid feeding hole formed in the atomizing chamber co- 
incide with each other, and the liquid feeding mecha- 
nism has a manual operating member and a pressing 
mechanism for causing the piston in the mounted liquid 55 
bottle by a predetermined stroke when the manual op- 
erating member is operated. The device is particularly 
advantageous for a portable type for personal use. 



[0037] In a preferred embodiment, a small clearance 
exists between the tip end, at which the minute hole is 
formed, of the liquid bottle and an outer surface of the 
wall, on which the liquid feeding hole is formed, of the 
atomizing chamber at a position where the minute hole 
of the liquid bottle and the liquid feeding hole of the at- 
omizing chamber coincide with each other. 
[0038] In another embodiment, the ultrasonic vibrator 
comprises an ultrasonic vibrator horn at least a part of 
which is disposed in the atomizing chamber and a mesh 
plate disposed so as to be brought into contact with an 
upper end of the horn by being pressed by a spring, the 
liquid feeding pipe extends from the liquid feeding hole 
toward the vicinity of the upper end portion of the horn. 
[0039] Desirably, the tip end of the liquid feeding pipe 
is obliquely cut. 

[0040] Preferably, the device housing is provided with 
a mounting member for detachably mounting the liquid 
feeding mechanism. It is preferable that the mounting 
member is movable. 

[0041] In another embodiment, the device housing is 
provided with a positioning memberforthe liquid feeding 
mechanism. 

[0042] Desirably, the device housing is provided with 
a cover for covering at least its part provided with the 
atomizing chamber. 

[0043] In one embodiment, the liquid feeding mecha- 
nism comprises a fixing member for fixing the liquid bot- 
tle. 

[0044] In one embodiment, the liquid feeding mecha- 
nism comprises a cylindrical housing having an end on 
which the liquid bottle is mountable . The manual oper- 
ating member is moved by a manual operation and is 
returned to its original position. The pressing mecha- 
nism comprises a fixed angle rotating mechanism for 
converting movement of the manual operating member 
into forward rotation of a predetermined angle, and a 
screw which is held in the cylindrical housing so as to 
be rotatable by screwing and is disposed so as to ad- 
vance by a predetermined stroke when it is rotated in a 
forward direction through the predetermined angle by 
the fixed angle rotating mechanism to press the piston 
in the liquid bottle. Desirably, the liquid feeding mecha- 
nism further comprises a returning mechanism which 
engages with the fixed angle rotating mechanism and 
rotates in a reverse direction the fixed angle rotating 
mechanism to cause the screw to retreat. 
[0045] In one embodiment, the device housing has a 
driving control circuit provided therein for stopping the 
driving of the ultrasonic vibrator once at the time point 
where the atomization of the liquid fed into the atomizing 
chamber through the liquid feeding pipe is almost termi- 
nated, and then driving the ultrasonic vibrator once or 
intermittently a plurality of times in a short time. 
[0046] Alternatively, there is provided in the device 
housing a controller comprising means for detecting the 
time point where the atomization of the liquid fed into 
the ultrasonic vibrator is almost terminated, and control 
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means for carrying out control so as to stop the driving 
of the ultrasonic vibrator once in response to the detec- 
tion of the time point where the atomization of the liquid 
is almost terminated, and then drive the ultrasonic vibra- 
tor once or intermittently a plurality of times in a short 
time after an elapse of a short time since the driving was 
stopped. 

[0047] The present invention further provides an in- 
haler of still another mode. It is an inhaler using a liquid 
bottle having a hole provided at its one end, the hole 
being sealed with an elastic member provided in the bot- 
tle, having a movable piston provided at the other end, 
and filled with a liquid, comprising inner and outer ac- 
commodating portions which are fitted to each other so 
as to be movable, the inner accommodating portion ac- 
commodating the liquid bottle so as to be movable, and 
comprising a hollow needle and a returning member, 
and the outer accommodating portion comprising a 
member for pressing the piston in the liquid bottle, the 
inner accommodating portion being moved when the 
piston in the liquid bottle accommodated in the inner ac- 
commodating portion is pressed by the pressing mem- 
ber manually operated, the needle penetrating the elas- 
tic member so that the liquid in the liquid bottle is fed 
into the ultrasonic vibrator through the needle, and the 
inner accommodating portion being returned by the re- 
turning member when a pressing force of the pressing 
member is removed. 

[0048] If the pressing member of the piston is operat- 
ed, the liquid in the liquid bottle is fed in a predetermined 
amount. 

[0049] The present invention further provides an ul- 
trasonic vibrator. That is, in the present invention, in an 
ultrasonic vibrator comprising a horn in an approximate- 
ly conical shape, a piezoelectric element provided at the 
base of the horn, and a resonance plate in a disk shape 
integrally formed at a tip end of the horn, an end surface 
at the base of the horn which is provided with the pie- 
zoelectric element is in a spherical shape, and the pie- 
zoelectric element is provided along the end surface in 
the spherical shape. Consequently, the vibration of the 
resonance plate is increased, thereby improving the vi- 
bration efficiency. 

Brief Description of Drawings 

[0050] 

Fig. 1 is a perspective view showing a state where 
a liquid atomizer is used. 

Fig. 2 is an exploded perspective view of a state 
where the liquid atomizer is accommodated. 
Fig. 3 is a perspective view of a state where the liq- 
uid atomizer is accommodated. 
Fig. 4 is a perspective view of a state where the liq- 
uid atomizer is accommodated. 
Fig. 5 is a cross-sectional view showing the whole 
of ihe iiquid atomizer. 



Fig. 6 is an enlarged sectional view of an atomizing 
mechanism in the liquid atomizer. 
Figs. 7 and 8 are enlarged sectional views showing 
how atomization occurs. 
5 Figs. 9 to 11 are cross-sectional views showing a 
modified example. 

Figs. 12a and 12b are perspective views showing 
the relationship between a fixed angle rotating 
member and a screw. 
10 Figs. 13a and 13h are cross-sectional views show- 
ing the structure and the operations of a fixed angle 
rotating mechanism. 

Figs. 14a and 14b are perspective views showing a 
returning mechanism. 
*5 Fig. 15 is a circuit diagram of an atomization con- 
troller, and Fig. 16 is a waveform diagram showing 
the operations thereof. 

Figs. 1 7 to 20 are cross-sectional views showing the 
structures and the operations of a liquid feeding por- 
20 tion and an atomizing portion in an ultrasonic inhal- 
er. 

Fig. 21 is a cross-sectional view showing a liquid 
feeding portion and an atomizing portion in another 
ultrasonic inhaler. 

25 Fig. 22 is a perspective view showing an ultrasonic 
inhaler which easily sets and adjusts a aqueous 
medication corresponding to one prescription. 
Figs. 23a and 24a are cross-sectional views show- 
ing ultrasonic vibrators, and Figs. 23b and 24b are 

30 front views of their resonance plates. 

Best Mode for Carrying Out the Invention 

[0051] Fig. 1 illustrates a state where a liquid atomizer 
35 (liquid atomizing device) in a form suitable for realization 
of a portable ultrasonic inhaler is used. 
[0052] A liquid feeding mechanism (or a liquid feeding 
or supplying device, a fixed amount aqueous medication 
feeding or supplying device, or a fixed amount (fixed 
*o stroke) piston pushing or pressing device) 30 is detach- 
ably mounted on a device housing 1. The device hous- 
ing 1 is provided with a mounting member (a holding 
member) 5 for mounting the liquid feeding mechanism 
30 and a positioning member 6. The mounting member 
45 5 is pivotable in a range of an angle of more than 90° 
by a pin 5A. 

[0053] At a position slightly spaced apart from the 
mounting member 5 and the positioning member 6, the 
device housing 1 is detachably provided with an atom- 
50 izing casing 10. The atomizing casing 10 has an atom- 
izing chamber 10C. 

[0054] An aqueous medication ampoule (a liquid bot- 
tle or an aqueous medication bottle) 90 is detachably 
mounted on a tip end of the liquid feeding mechanism 
55 30 by a fixing member (a fixing ring) 34. A tip end of the 
aqueous medication ampoule 90 is brought into contact 
with an outer surface of a wall of the atomizing chamber 
10C nearly (spaced a slight clearance apart). 
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[0055] A knob 41 is provided at a rear end of the liquid 
feeding mechanism 30, and the knob 41 projects out- 
ward. A user presses or pushes the knob 41 along the 
axis of the liquid feeding mechanism 30 with his or her 
hand. Consequently, an aqueous medication in the 5 
aqueous medication ampoule 90 is injected in a prede- 
termined (fixed) amount into the atomizing chamber 
10C, and is atomized upward by the vibration of an ul- 
trasonic vibrator disposed in the atomizing chamber 
10C. 10 
[0056] The user can inhale fine particles of the atom- 
ized aqueous medication into his or her nasal cavity or 
throat, or lungs in some cases. The aqueous medication 
of a fixed amount is always atomized by pushing the 
knob 41 once. 15 
[0057] Figs. 2 and 3 illustrate a state where the liquid 
atomizer is assembled. The aqueous medication am- 
poule 90 is generally provided separately from the liquid 
atomizer. The aqueous medication ampoule 90 is a con- 
sumer product. Accordingly, the user purchases a re- 20 
quired number of aqueous medication ampoules, as re- 
quired, besides the liquid atomizer. 
[0058] The aqueous medication ampoule 90 is of a 
cylindrical shaped, and has a minute (very small) hole 
91 provided at its tip end and has a flange 92 for mount- 25 
ing formed at its rear end. As apparent later, a piston is 
disposed inside the aqueous medication ampoule 90. 
Preferably, the tip end, at which the minute hole 91 is 
provided, of the aqueous medication ampoule 90 is cov- 
ered with a cap 95. 30 
[0059] The liquid feeding mechanism 30 comprises a 
cylindrical housing (a screw holder) 31 which accommo- 
dates a screw 60 so as to be rotatable and such that it 
can advance or retreat. The cylindrical housing 31 is 
screwed into a male screw formed inside the mounting 35 
member 5 so as to be mounted on the device housing 
1 . The aqueous medication ampoule 90 is mounted on 
the cylindrical housing 31 with the flange 92 accommo- 
dated in the fixing ring 34. The fixing ring 34 is along an 
arc-shaped inner surface of the positioning member 6. *o 
A knob guiding member (or a lock cap or a screw return- 
ing member) 43 is provided at a rear end of the cylindri- 
cal housing 31 , and a lock pin 74 is provided in the knob 
guiding member 43. 

[0060] A state, shown in Fig. 3, where the liquid feed- 45 
ing mechanism 30 is along a side surface of the device 
housing 1 (the liquid feeding mechanism 30 is in a pos- 
ture which differs by an angle of approximately 90° from 
that in the used state shown in Fig. 1 ) (the aqueous med- 
ication ampoule 90 may be mounted or may not be 50 
mounted) is an accommodated state. In this state, the 
device housing 1 is covered with a cover 1A (the cover 
1 is attachable and detachable), as shown in Fig. 4, 
thereby making it possible to protect the atomizing 
chamber 1 0C and the aqueous medication ampoule 90 55 
or the tip end of the liquid feeding mechanism 30. 
[0061] A switch button 85A is provided near the atom- 
izing chamber 10C on the upper surface of the device 



housing 1. When the liquid feeding mechanism 30 is 
shifted from the accommodated state to the use state 
shown in Fig. 1, the aqueous medication ampoule 90 
presses the switch button 85A. Consequently, the ultra- 
sonic vibrator is driven (weak vibration, as described lat- 
er), to enter a state where the aqueous medication can 
be atomized. 

[0062] Fig. 5 is a cross-sectional view showing the in- 
side of the whole of the liquid atomizer, and Fig. 6 par- 
ticularly illustrates in enlarged fashion the details of the 
inside of the atomizing casing and its vicinity. 
[0063] The aqueous medication ampoule 90 is basi- 
cally a cylindrical member made of glass or plastics, and 
is preferably made of a transparent or translucent ma- 
terial. As previously described, the tip end of the aque- 
ous medication ampoule 90 is tapered in a conical 
shape, and its tip end surface is flat. The flat tip end sur- 
face is provided with the minute hole (an injecting hole, 
a pouring and feeding hole or a spray hole) 91. The di- 
ameter of the minute hole 91 is generally 0.1 mm to 0.5 
mm, although it depends on the property of the aqueous 
medication with which the aqueous medication ampoule 
90 is filled. The diameter of the minute hole 91 is pref- 
erably 0.2 mm to 0.4 mm, and most preferably 0.3 mm. 
If the hole has such a diameter, the aqueous medication 
accommodated into the ampoule 90 does not leak out 
of the minute hole 91, unless the piston 93 is moved. 
[0064] The piston 93 is accommodated movably and 
water-tightly in the aqueous medication ampoule 90. 
The piston 93 is made of an elastic member such as 
rubber. A receiving member 94 made of a hard material 
such as plastics is fitted in a rear surface of the piston 
93. The receiving member 94 comprises a plate-shaped 
portion having a diameter approximately equal to the in- 
ner diameter of the aqueous medication ampoule 90. 
Even if the piston 93 is formed of an elastic member, a 
pressing (pushing) force by the screw 60 is sufficiently 
exerted on the piston 93 by the existence of the receiv- 
ing member 94. 

[0065] The flange 92 projecting outward is integrally 
formed at a rear end of the aqueous medication am- 
poule 90. The fixing ring 34 Is formed with a flange pro- 
jecting inward. The flange 92 of the aqueous medication 
ampoule 90 is positioned inside the flange of the fixing 
ring 34. Consequently, the aqueous medication am- 
poule 90 is prevented from dropping (particularly, by the 
pushing force by the screw 60). The fixing ring 34 is 
screwed with a screw 33B formed on an outer surface 
of the tip end portion (a fitting pprtion or a screw holding 
portion) 33 of the cylindrical housing 31 and is fixed 
thereto. 

[0066] A portion like the flange 92 of the aqueous 
medication ampoule 90 is referred to as a catch. The 
catch may have a shape determined by its relationship 
with a corresponding portion of the cylindrical housing 
31, and may be also realized by not only a projection 
such as the flange 92 but also a recess, a slip preventing 
surface and so on. 
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[0067] The liquid feeding mechanism 30 is assem- 
bled, centered around the cylindrical housing 31. The 
liquid feeding mechanism 30 comprises a pushing op- 
erating portion (an operating member) 40, a fixed angle 
rotating mechanism (or a linear/rotary motion converting 
mechanism) 50, and a returning mechanism 70 when it 
is broadly divided. 

[0068] The pushing operating portion 40 comprises 
the above-mentioned knob 41. The knob 41 is fixed on 
a knob shaft 42, and the knob shaft 42 is held in the knob 
guiding member 43 such that it can freely advance or 
retreat (so as to be axially movable) and in an unrotat- 
able state (a state where the rotation is prevented). The 
user pushes the knob 41 with his or her hand. 
[0069] Axial motion of the knob 41 (movement more 
than a first predetermined stroke) is converted into pre- 
determined-angle rotation in one direction (this is re- 
ferred to as forward rotation) of a fixed angle rotating 
member 51 and the screw 60 by the fixed angle rotating 
mechanism 50. The screw 60 and the fixed angle rotat- 
ing member 51 are together rotated and are coupled to 
(engage with) each other so as to be axially movable. 
[0070] The screw 60 has a screw formed on its cir- 
cumferential surface. Amale screw 33A is formed on an 
inner circumferential surface of the tip end portion 33 of 
the cylindrical housing 31 , and the screw 60 is screwed 
into the male screw 33A. That is, the screw 60 is held 
in the cylindrical housing 31 by the portion 33 so as to 
be rotatable and such that it can freely advance or re- 
treat by the screwing. 

[0071] The screw 60 is rotated in the forward direction 
through a predetermined angle, thereby to advance by 
a second stroke (a predetermined value). 
[0072] A tip end member 61 is provided at a tip end 
of the screw 60. The tip end member 61 is made of a 
hard material such as plastics, and its tip end is in a hem- 
ispherical shape, that is, is rounded. When the screw 60 
advances, the tip end member 61 presses the piston 93 
in the aqueous medication ampoule 90. The screw 60 
advances while rotating. Since the tip end of the tip end 
member 61 is rounded, the rotation of the screw 60 does 
not constitute an obstacle to pressing the piston 93. 
[0073] When the knob 41 is pushed by more than the 
first stroke (the amount of movement thereof is deter- 
mined because the knob 41 abuts against an end sur- 
face 43A (serving as a stopper) of the knob guiding 
member 43), its linear motion is converted into a prede- 
termined-angle rotation (60° in the present embodi- 
ment) of the screw 60 by the fixed angle rotating mech- 
anism 50 (the details will be described later). Therefore, 
the screw 60 advances by a second stroke. The piston 
93 in the aqueous medication ampoule 90 advances in 
the ampoule 90 by the same stroke as the second 
stroke, and a aqueous medication with which the am- 
poule 90 (a portion between the piston 93 and the tip 
end of the ampoule) is filled is jetted with great force 
from the minute hole 93 at the tip end. Since the amount 
of movement of the piston 93 is constant, and the inner 



diameter of the ampoule 90 is also constant along the 
length thereof (the ampoule is basically cylindrical), the 
amount of aqueous medication jetted from the ampoule 
90 is also constant. 

5 [0074] Although an inner surface at the tip end of the 
ampoule 90 is tapered in a conical shape, the tip end 
surface of the piston 93 is also tapered in entirely the 
same shape (in a conical shape). Therefore, the piston 
93 is finally right along the inner surface at the tip end 

10 of the ampoule 90, so that the aqueous medication is 
entirely jetted. 

[0075] When the knob 4 1 is moved (pushed) by 8 mm, 
for example, the piston 93 is moved by 0.3 mm. The 
amount of movement of the knob 41 is regulated by the 

is existence of the stopper 43A. When the user merely 
presses or pushes the knob 41 until the knob 41 abuts 
against the stopper 43A, therefore, the piston 93 is prop- 
erly moved by a predetermined stroke. Accordingly, a 
predetermined amount of aqueous medication is accu- 

20 rately supplied from the ampoule 90. It is preferable that 
the first stroke is considerably longer than the second 
stroke, as in the present embodiment. 
[0076] The cylindrical housing 31 is formed with a 
flange 32, and a screw 32A is formed at the front of the 

25 flange 32. The screw 32A of the cylindrical housing 31 
is screwed into the male screw in the mounting member 
5 until the flange 32 abuts against the mounting member 
5. Consequently, the cylindrical housing 31 is fixed at its 
accurate position. 

30 [0077] Fig. 5 illustrates a state where the tip end of 
the screw 60 significantly enters the ampoule 90. The 
screw 60 can be rotated in the opposite direction by a 
returning mechanism 70, described later, to retreat into 
the cylindrical housing 31. When a new aqueous medi- 

35 cation ampoule 90 is mounted on the cylindrical housing 
31 , the tip end of the screw 60 retreats into approximate- 
ly the same position as that of the tip end of the cylin- 
drical housing 31. 

[0078] A battery 3 and a printed circuit board 2 on 
which electric circuits (a controller), described later, is 
assembled are provided in the device housing 1 . 
[0079] A portion near the atomizing casing 10 on the 
upper surface of the device housing 1 is formed in a pro- 
jecting shape, and a power switch 85 is embedded in 

45 this portion. The power switch 85 comprises a button 
85A projecting upward. When the cylindrical housing 31 
is set in a posture in its used state with the aqueous 
medication ampoule 90 mounted on the cylindrical 
housing 31, the button 85A in the power switch 85 is 

50 pressed by the ampoule 90, so that the power switch 85 
is turned on. 

[0080] Mainly referring to Fig. 6, the device housing 1 
is formed with a boss 4, and a male screw is formed on 
an inner circumferential surface of the boss 4. A horn 
55 holder 23 is in an approximately cylindrical shape, and 
a screw is formed on its outer circumferential surface. 
This screw is screwed into the male screw of the boss 
4, whereby the horn holder 23 is fixed. The horn holder 
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23 has an upper wall, and an opening 23A is formed in 
the upper wall. 

[0081] An ultrasonic vibrator horn 20 is circular in lat- 
eral cross section, and is formed such that its upper half 
has a small diameter and its lower half has a large di- 5 
ameter. A horn supporting ring 24 is fitted in an annular 
groove formed on a circumferential surface of an upper 
part of the large-diameter lower half of the horn 20. The 
ring 24 is fixed by being interposed between the shoul- 
der of the upper wall of the holder 23 and an inner cyl- 10 
inder 25 tightly fitted in the holder 23. Consequently, the 
horn 20 is supported on the holder 23 by means of only 
the ring 24, and is basically spaced apart from the holder 
23 in a portion other than the ring 24. A seal ring (an O 
ring or a packing) 26 is provided between the shoulder is 
of the large-diameter lower half of the horn 20 and the 
upper wall of the holder 23. 

[0082] A piezoelectric element (a piezoelectric vibra- 
tor) 21 is fixed (for example, bonded) to a lower surface 
of the horn 20. The piezoelectric element 21 is inter- 20 
posed between electrodes 22 from above and below. A 
voltage having an ultrasonic frequency is applied to the 
electrodes 22 by a driving circuit (a controller), de- 
scribed later. Consequently, the piezoelectric element 
21 ultrasonically vibrates, and the vibration is transmit- 25 
ted to the horn 20. 

[0083] An atomizing casing (an atomizing cap) 10 is 
detachably mounted (fitted) on the boss 4. The atomiz- 
ing casing 10 comprises a mounting portion 10A in its 
lower half which is fitted on the boss 4 and an atomizing 30 
portion 10B in its upper half. The casing 10 is integrally 
formed of plastics, for example. 
[0084] The atomizing portion 10B of the casing 10 is 
basically in a cylindrical shape, and has a bottom wall. 
The bottom wall is formed with a hole 11 into which the 35 
upper half 20A of the horn 20 loosely enters with a clear- 
ance therebeteen. When the casing 10 is mounted at a 
proper position, an upper end of the small-diameter up- 
per half 20A of the horn 20 projects upward from the 
position of the hole 11, passing through the hole 11 of to 
the atomizing portion 10B. Description is hereinafter 
made of the positional relationship in a state where the 
casing 10 is properly mounted, and the cylindrical hous- 
ing 31 on which the aqueous medication ampoule 90 is 
mounted is set in its used state. An inner space of the *s 
atomizing portion 10B of the casing 10 is referred to as 
an atomizing chamber 10C. 

[0085] A mesh plate 15 is placed on an upper end sur- 
face of the horn 20 in the atomizing chamber 10C. The 
mesh plate 15 is a thin plate-shaped member having a 50 
lot of minute (very small) holes formed thereon. The 
mesh plate 15 is for promoting the atomization of the 
liquid by the ultrasonic vibration. 
[0086] The mesh plate 15 is pressed from above by 
the pressing spring 14, and tightly brought into contact 55 
with to the upper end surface of the horn 20. The press- 
ing spring 14 is a coil spring which increases in diameter 
upward. An inner circumferential surface of the atomiz- 



ing portion 10B is formed so as to be depressed in its 
upper part, and a spring receiving member 13 is fitted 
therein from above. As a result, a spring receiving 
groove 12 is formed below the spring receiving member 
13, and a portion having the largest diameter of the 
pressing spring 14 is engaged therewith. 
[0087] A liquid feeding (supplying) hole 16 is formed 
on the circumferential wall of the atomizing portion 10B 
at a height nearly corresponding to an upper part of the 
upper half 20A of the horn 20 at a position which the tip 
end of the ampoule 90 faces. A liquid feeding (supply- 
ing) pipe 17 is tightly inserted into the liquid feeding hole 
16. An inner end of the liquid feeding pipe 17 is in close 
proximity to the upper part of the upper half 20A of the 
horn 20, and is at a position just below the mesh plate 
15 . An inner end (a tip end) of the liquid feeding pipe 
17 is cut obliquely (in a direction nearer to the horn 
downward). The center of the liquid feeding hole 16 and 
the center of the minute hole 91 at the tip end of the 
ampoule 90 coincide with each other. There is a small 
clearance at the position of the liquid feeding hole 16 
and the minute hole 91 between an outer surface of the 
peripheral wall of the atomizing portion 10B and a tip 
end surface of the ampoule 90. The inner diameters of 
the liquid feeding hole 16 and the liquid feeding pipe 17 
are slightly larger than the inner diameter of the minute 
hole 91. 

[0088] A plate 1 8 is placed at the bottom of the atom- 
izing portion 10B. The plate 18 has a hole at its center, 
and is slightly bent downward around the hole. A portion, 
bent downward, of the plate 18 enters the hole 11 of the 
atomizing portion 10B. There is also a clearance be- 
tween an inner peripheral surface of the hole at the cent- 
er of the plate 18 (the portion bent downward) and the 
upper half 20A of the horn 20, and the plate 18 is not 
brought into contact with the horn 20. This is for prevent- 
ing the vibration of the horn 20 from being attenuated. 
The plate 18 is for preventing the aqueous medication 
fed into the atomizing chamber 10C from dropping 
downward through the hole 11 . When the amount of the 
aqueous medication to be fed is small, the plate is not 
necessarily required. 

[0089] The knob 41 is pushed, as described above, 
whereby the aqueous medication in the aqueous med- 
ication ampoule 90 is jetted from the minute hole 91 at 
its tip end, and is fed into the atomizing chamber 10C 
through the liquid feeding hole 16 and the liquid feeding 
pipe 17. Fig. 7 shows a state where the aqueous med- 
ication is injected into the atomizing chamber 10C. 
[0090] A tip end of the liquid feeding pipe 17 reaches 
the vicinity of the horn 20, and the amount of aqueous 
medication to be injected into the atomizing chamber 
10C is small. Accordingly, the fed aqueous medication 
adheres (attaches) to the vicinity of the upper half (par- 
ticularly, its upper part) 20A of the horn 20 and the vi- 
cinity of a lower surface of the mesh plate 1 5 by surface 
tension (indicated by Q1 ). The aqueous medication eas- 
ily adheres because the tip end of the liquid feeding pipe 



8 



15 



EP 1 186 350 A1 



16 



17 is oblique. The aqueous medication also exists in the 
liquid feeding pipe 17 (indicated by Q2). The aqueous 
medication which cannot entirely enter the liquid feeding 
pipe 17, although it is jetted from the minute hole 91 of 
the aqueous medication ampoule 90 (if it exists) is held 5 
in a clearance existing between the outer surface of the 
peripheral wall of the atomizing portion 10B and the tip 
end of the ampoule 90 (indicated by Q3). 
[0091] When the aqueous medication is fed (sup- 
plied) into the atomizing chamber 10C from the ampoule 10 
90, the ultrasonic vibration of the horn 20 (the piezoe- 
lectric element 21) is started (or is strengthened) imme- 
diately (as described later), and the aqueous medication 
which adheres to the upper part of the horn 20 is atom- 
ized from an upper opening of the atomizing chamber 15 
10C, as shown in Fig. 8. The liquid feeding pipe 17 and 
the liquid feeding hole 16 are made narrow in diameter 
to such an extent that the aqueous medication in their 
inner parts is sucked out (a capillary action or phenom- 
enon) by the influence of the atomization. The aqueous 20 
medication Q3 held in the clearance between the outer 
surface of the peripheral wall of the atomizing chamber 
10B and the tip end surface of the ampoule 90 is also 
sucked into the liquid feeding pipe 17, and is finally at- 
omized. Consequently, almost all of the aqueous med- 25 
ication fed into the atomizing chamber 10C or its vicinity 
is atomized in a short time. 

[0092] Fig.9 illustrates a modified example. A liquid 
reservoir 16A communicating with a liquid feeding hole 
16 is formed in a peripheral wall of an atomizing cham- 30 
ber 10B. The liquid reservoir 16A opens toward the air. 
A aqueous medication which cannot entirely enter a liq- 
uid feeding pipe 17, although it is jetted from a minute 
hole 91 of the ampoule 90, is held in the liquid reservoir 
16A. When atomization is started by ultrasonic vibration, 35 
the aqueous medication in the liquid reservoir 16A is 
sucked in through the liquid feeding pipe 17. When the 
liquid reservoir 16A is formed, a clearance between the 
peripheral wall of the atomizing portion 10B and a tip 
end of the ampoule 90 is not necessarily required. 40 
[0093] Fig. 10 illustrates a mode in which a part of the 
peripheral wall of the atomizing portion 10B is projected 
in a direction nearer to the horn 20 (a projection 17A) 
instead of providing the liquid feeding pipe 17, and the 
liquid feeding hole 16 is extended into the projection 45 
17A. The mode is effective for a case where the atom- 
izing portion 10B is miniaturized. 
[0094] As shown in Fig. 11, the tip end of the liquid 
feeding pipe 17B is tapered, so that a force to suck the 
aqueous medication, which is caused by the atomiza- 50 
tion, is strengthened. 

[0095] Referring to Figs. 12a to 12b and 13a to 13h, 
description is made of the pushing operating portion 40 
and the fixed angle rotating mechanism 50. 
[0096] Referring to Figs. 5 and 1 2, the fixed angle ro- 55 
tating member 51 comprises a flange 51 B, a mounting 
projection 51 A projecting from the flange 51 B, and a cy- 
lindrical portion 51 C fixed to the flange 51 A on the op- 



posite side of the mounting projection 51 A. A screw 60 
is accommodated so as to be movable (slidable) in the 
cylindrical portion 51 C. Two slits 51 D are formed on the 
cylindrical portion 51 C. Engaging projections 54 formed 
on the screw 60 enter the slits 51 D. Consequently, the 
fixed angle rotating member 51 and the screw 60 are 
together rotated, and are axially slidable from each oth- 
er. 

[0097] An inner portion of the cylindrical housing 31 
is so formed that the inner diameter thereof is slightly 
larger over a longer range than a range in which the 
flange 51 B of the fixed angle rotating member 51 is 
moved. A pressing (compressed) spring (a return spring 
55) is provided between a distal end (a step 39) of the 
portion having a large inner diameter and the flange 
51 B. The fixed angle rotating member 51 is always 
urged in the direction forward the knob 41 by the spring 
55. 

[0098] A rotating member 52 is tightly fixed to the 
mounting projection 51 A of the fixed angle rotating 
member 51 . The rotating member 52 comprises a large- 
diameter portion at its base end and a small-diameter 
portion at its tip end, and three sliding fingers 53 are 
provided at equal angle intervals on their peripheral sur- 
faces. The sliding finger 53 is formed with a slope 53A 
at the tip end thereof. 

[0099] In Figs. 13a to 13h, only one of the sliding fin- 
gers 53 is illustrated in order to make the description 
easy to understand. 

[0100] The knob guiding member 43 is a cylindrical 
member having a bottom. The knob guiding member 43 
is mounted so as to cover the outer end of the cylindrical 
housing 31 , and is coupled to the cylindrical housing 31 
by a lock pin 74, described later. A lock spring 44 is pro- 
vided between an outer end surface of the cylindrical 
housing 31 and the knob guiding member 43, and the 
knob guiding member 43 is always urged toward the 
knob 41. 

[0101] The knob guiding member 43 has a cam cylin- 
der 49 formed toward inside on its bottom wall. A shaft 
hole 43B through which a knob shaft 42 passes is 
formed on the bottom wall of the knob guiding member 
43. The inside of the cam cylinder 49 communicates with 
the shaft hole 43B. 

[01 02] Slits 48 which the sliding fingers 53 enter so as 
to be slidable are formed at three positions, correspond- 
ing to the sliding fingers 53, of the cam cylinder 49. Two 
oblique cam surfaces 49A are formed between the slits 
48 on a top end surface of the cam cylinder 49. The ad- 
jacent oblique cam surfaces 49A are separated by a 
raised wall axially directed. 

[0103] A pressing member 47 is fixedly provided at an 
inner end of the knob shaft 42. Cam surfaces 47A, which 
are slopes inclined at an angle which coincides with 
slope of the sliding finger 53, are formed on an end sur- 
face of the pressing member 47. Rotation preventing 
projections 47B which enter the slits 48 are formed on 
a peripheral surface of the pressing member 47. Con- 
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sequently, the knob shaft 42 moves along its axis in a 
state where the rotation thereof is prevented. The shaft 
hole 43B of the knob guiding member 43 has a step, 
and the pressing member 47 abuts against the step. Ac- 
cordingly, the pressing member 47 is prevented from 5 
coming off the shaft hole 43B, and a position projecting 
outward of the knob shaft 42 (which is pressed by the 
spring 55) is regulated (limitted). 
[0104] In a state shown in Fig. 13a, the sliding finger 
53 enters the slit 48 of the cam cylinder 49. When the 10 
knob 41 is pushed by the user, the cam surface 47A of 
the pressing member 47 presses the slope 53A of the 
sliding finger 53 against a force of the spring 55, as 
shown in Fig. 13b. 

[0105] At a position where the sliding finger 53 comes 1& 
off the slit 48, the slope 53A of the sliding finger 53 slight- 
ly slides along the cam surface 47A of the pressing 
member 57 (because it is pressed by the spring 55), as 
shown in Fig. 13c. At this time, the rotating member 52 
(i.e., the fixed angle rotating member 51 and the screw 20 
60) rotates slightly (through an angle of approximately 
10°). 

[0106] When the user stops pushing the knob 41, and 
takes his or her hand off the knob 41, the knob 41 is 
returned outward. A tip end of the sliding finger 53 of the 25 
rotating member 52 which slightly rotates is put on the 
oblique cam surface 49A of the cam cylinder 49, and 
slides along the cam surface 49A (because it is pressed 
by the spring 55), as shown in Fig. 13d. As a result, the 
rotating member 52 (i.e., the fixed angle rotating mem- 30 
ber 51 and the screw 60) rotates greatly (through an an- 
gle of approximately 50°). Consequently, the screw 60 
is rotated through an angle of a total of 60°. 
[0107] When the knob 41 is pushed again, the press- 
ing member 47 presses the sliding finger 53 against the 35 
force of the spring 55 again, as shown in Fig. 13e, to 
separate the tip end of the sliding finger 53 from the ob- 
lique cam surfaces 49A of the cam cylinder 49. When 
the tip end of the sliding finger 53 is pressed beyond the 
height of the raised wall which is the boundary of the *o 
oblique cam surfaces 49A, the sliding finger 53 slightly 
slides on the cam surface 47A of the pressing member 
47, and rotates slightly (through an angle of 10°), as 
shown in Fig. 13f. 

[0108] When the pressing of the knob is released, the 45 
sliding finger 53 is put on the subsequent (adjacent) ob- 
lique cam surface 49A of the cam cylinder 49 (conse- 
quently, the rotating member 52 rotates greatly (through 
an angle of 50°)), as shown in Fig. 1 3g. Finally, the slid- 
ing finger 53 enters the subsequent slit 48 of the cam 50 
cylinder 49, as shown in Fig. 13h. This is the same as 
the state shown in Fig. 13a (while the screw 60 rotates 
through an angle of 120°) . 

[0109] Figs. 14a and 14b illustrate the returning 
mechanism 70. In the figures, the lock guiding member 55 
43 is drawn as a transparent one so that an annular 
groove 71 and a lock groove 72 which are formed on 
the cylindrical housing 31 are seen. 



[0110] The annular groove 71 and the lock groove 72 
are formed on an outer peripheral surface of the outer 
end portion of the cylindrical housing 31. The lock 
groove 72 connects with the annular groove 71 through 
a groove 72a axially extending from the annular groove 
71 and a groove 72b parallel to the annular groove 71. 
The lock groove 72 is formed in the axial direction to- 
ward the annular groove 71, and is terminated without 
connecting with the annular groove 72. 
[0111] The lock pin 74 penetrates the lock guiding 
member 43, and its tip end enters the annular groove 
71 or the lock groove 72 so as to be freely movable 
therethrough. 

[0112] Generally, the lock pin 74 enters the lock 
groove 72, as shown in Fig. 14a. Consequently, the lock 
guiding member 43 is integral with the cylindrical hous- 
ing 31. In this state, it is possible to feed the aqueous 
medication by pressing the knob 41, described above. 
[01 1 3] When the lock pin 74 is inserted into the annu- 
lar groove 71, as shown in Fig. 14b, by shifting the rel- 
ative position between the lock guiding member 43 and 
the cylindrical housing 31, the lock guiding member 43 
is rotatable with respect to the cylindrical housing 31. 
When the lock guiding member 43 is rotated in the re- 
verse direction (in the direction in which the screw 60 is 
caused to retreat) in this state, its rotating force is trans- 
mitted to the fixed angle rotating member 5 1 through the 
engagement of the sliding finger 53 in the fixed angle 
rotating mechanism 50, to rotate the screw 60 in the re- 
verse direction to retreat. When the tip end of the screw 
60 reaches approximately the same position as the tip 
end of the cylindrical housing 31 , it is possible to remove 
the aqueous medication ampoule 90 which is emptied 
(or almost emptied) and to mount a new aqueous med- 
ication ampoule. 

[0114] Fig. 1 5 illustrates an example of an atomization 
controller (control circuit) provided on the circuit board 
2 in the device housing 1 . Fig . 1 6 is a waveform diagram 
showing the operations thereof. 
[0115] When the cylindrical housing 31 on which the 
aqueous medication ampoule 90 is mounted is brought 
into the use state, the switch 85 is turned on. Accord- 
ingly, the power of the battery 3 is supplied to the circuit. 
[0116] A constant current circuit 81 can switch its out- 
put current in three stages. When the switch 85 is turned 
on, the constant current circuit 81 outputs the lowest cur- 
rent under the control of a control circuit 80. An oscilla- 
tion circuit 82 starts to oscillate, and the piezoelectric 
element 21 ultrasonically vibrates. The ultrasonic vibra- 
tion at this time is weak. Consequently, the battery 3 can 
be prevented from being consumed. 
[0117] When the aqueous medication is supplied into 
the atomizing chamber 1 0C by pushing the knob 41 , the 
supplied aqueous medication adheres to an upper part 
of the horn 20. Accordingly, the impedance of the horn 
20 which weakly vibrates is changed. The change is de- 
tected as the chanae in a voltaae or the like which aD- 

WW * 

pears on a resistor 84 connected to the piezoelectric el- 
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ement 21 or other element. 

[01 1 8] When the control circuit 80 detects the feed of 
the aqueous medication, it controls the constant current 
circuit 81 so as to set an output of the constant current 
circuit 81 to a normal value. The ultrasonic vibration is 5 
continued by sufficient power to atomize the fed aque- 
ous medication. Consequently, nearly all of the fed 
aqueous medication is atomized. 
[0119] An atomization start switch may be provided, 
to produce ultrasonic vibration for atomization by input 10 
from the switch. In this case, the necessity of weak ul- 
trasonic vibration based on the turn-on of the switch 85 
is dispensed with. 

[0120] When the atomization of the aqueous medica- 
tion is almost terminated, the control circuit 80 detects 15 
the termination of the atomization on the basis of the 
change in the impedance again. The termination of the 
atomization may be detected on the basis of the elapsed 
time (for example, two seconds) from the start of the at- 
omization. 20 
[0121] Thereafter, the control circuit 80 controls the 
constant current circuit 81 such that stronger ultrasonic 
vibration is generated in a pulse fasion at short time in- 
tervals (for example, 0.1 seconds). Preferably, stronger 
pulse-shaped vibration is performed a plurality of times. 25 
[0122] Consequently, a small amount of aqueous 
medication remaining on the mesh plate 15, between 
the mesh plate 1 5 and the upper end surface of the horn 
20, or the like is atomized, thereby making it possible to 
make the amount of aqueous medication remaining 30 
without being atomized very small. 
[0123] Another embodiment of the present invention 
will be described. 

[0124] Fig. 19 is a cross-sectional view showing the 
structures of a liquid feeding portion and an atomizing 35 
portion in an ultrasonic inhaler. 
[0125] A liquid feeding portion 101 comprises an inner 
accommodating portion 110 accommodating a aqueous 
medication bottle 102 and an outer accommodating por- 
tion 111 combined therewith. An outer surface of the in- *o 
ner accommodating portion 1 1 0 and an inner surface of 
the outer accommodating portion 111 are threaded, and 
are meshed with each other. 

[0126] An aqueous medication bottle 102 has a hole 
103 formed on its bottom surface, and an elastic mem- 45 
ber 104 made of rubber or the like for sealing the hole 
1 03 is accommodated in its inner part. An aqueous med- 
ication 105 in the aqueous medication bottle 102 is held 
in the bottle 102 water-tightly by a piston 106. 
[0127] A hollow liquid feeding pipe 112 in the shape 50 
of a needle whose tip end is pointed is provided at a 
position facing the hole 103 of the aqueous medication 
bottle 102 on a bottom surface of the inner accommo- 
dating portion 110. Further, a coil spring 113 for urging 
the aqueous medication bottle 102 upward is provided 55 
between a bottom surface of the aqueous medication 
bottle 102 and the bottom surface of the inner accom- 
modating portion 110. 



[0128] The outer accommodating portion 111 com- 
prises a piston pressing bar 1 07 having a piston press- 
ing portion 108 at its lower end and a button 109 at its 
upper end. 

[01 29] An atomizing portion 1 20 comprises a horn (an 
amplitude converter) 122 of a conical shape. A piezoe- 
lectric vibrator 121 is fixed to a large end surface of the 
horn 122, and a resonance plate 123 in a disk shape is 
fixed to a small end surface thereof. A liquid feeding path 
125 connected to the liquid feeding pipe 112 is formed 
inside the horn 122. The liquid feeding path 125 is bent 
in an L shape inside the horn 122, and opens at the res- 
onance plate 123. A projection 126 is formed at an outer 
peripheral edge of the resonance plate 123, to prevent 
an aqueous medication 127 on an atomizing surface 
124 from leaking and dropping easily by vibration or the 
like. 

[0130] Operations for feeding the aqueous medica- 
tion 105 corresponding to one prescription to the atom- 
izing surface 124 of the atomizing portion 120 from the 
aqueous medication bottle 102 in a state where the 
aqueous medication 105 is accommodated in the aque- 
ous medication bottle 102 will be described with refer- 
ence to Figs. 17 to 20. In the figures excluding Fig. 19, 
the illustration of the atomizing portion is omitted. 
[0131] Fig. 17 illustrates an initial state, which is a 
state where the button 109 and an upper end surface of 
the outer accommodating portion 111 are brought into 
contact with each other. The outer accommodating por- 
tion 111 is rotated and is moved in a direction nearer to 
the inner accommodating portion 110 to provide a suit- 
able distance L between the button 109 and the upper 
end surface of the outer accommodating portion 1 1 1 , as 
shown in Fig. 18, thereby setting the amount of feed of 
an aqueous medication corresponding to one prescrip- 
tion. 

[0132] When a user presses the button 109 down- 
ward, the piston 106 is pressed downward through the 
piston pressing bar 1 07. The whole of the aqueous med- 
ication bottle 102 is first moved downward against a 
force of the coil spring 113. By the movement, a tip end 
of the liquid feeding pipe 112 breaks (penetrates) 
through the elastic member 104 through the hole 103. 
Accordingly, the liquid feeding pipe 112 communicates 
with the inside of the aqueous medication bottle 102. As 
shown in Fig.1 9, the aqueous medication corresponding 
to one stroke of the piston pressing bar 107 is ejected 
as a aqueous medication corresponding to one pre- 
scription, and is fed into the atomizing surface 124 
through the liquid feeding path 1 25. When the usertakes 
his or her fingers off the button 109, the aqueous med- 
ication bottle 102 is moved upward, as shown in Fig. 20, 
by an urging force of the coil spring 1 1 3. A tip end of the 
liquid feeding pipe 112 comes off the elastic member 
104, so that the aqueous medication bottle 102 enters 
its original sealed state. When the needle of the liquid 
feeding pipe 112 comes off the elastic member 104. a 
hole of the elastic member 104 is closed, so that the 
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aqueous medication does not teak outward. 
[0133] The liquid feeding path 125 of the ultrasonic 
vibrator in the atomizing portion 120 may be in a linear 
shape, as shown in Fig. 21. This makes the fabrication 
of the ultrasonic vibrator easier. 5 
[0134] In order to set the amount of feed of a aqueous 
medication corresponding to one prescription, a scale 
114 can be also provided on an outer surface of the inner 
accommodating portion 110 as shown in Fig. 22. 
[0135] In order to improve the vibration efficiency, that 10 
is, the atomization efficiency, an ultrasonic vibrator as 
shown in Figs. 23a and 23b may be used. 
[0136] An end surface having a large area of the horn 
122 is brought into the shape of a spherical surface, and 
a surface of the piezoelectric vibrator (piezoelectric el- 15 
ement) 121 is also brought into the shape of a spherical 
surface so as to be along the spherical surface such that 
the center of the radius of curvature R of the spherical 
surface coincides with the center of the resonance plate 
123. Consequently, vibration generated in the piezoe- 20 
lectric vibrator 121 is concentrated on the resonance 
plate 123, the vibration displacement of the resonance 
plate 123 is increased, thereby improving the vibration 
efficiency. 

[01 37] As shown in Figs. 24a and 24b, the piezoelec- 25 
trie vibrator 121 may be along the spherical surface of 
the horn 122. 

[0138] In the ultrasonic vibrators, if the diameter of an 
end surface having a small area of the horn 122 coin- 
cides with the node inner diameter of the resonance 30 
plate 123, and the diameter and thickness of the reso- 
nance plate 123 are selected such that the number of 
circular nodes is more than two, vibration displacement 
in a megahertz zone is obtained at high efficiency. For 
this purpose, the radius of curvature may be so set as 35 
to be an odd multiple of one-fourth of a wavelength 
which is determined by a resonance frequency. 

Claims 40 

1. A liquid feeding mechanism for atomizing a liquid, 
comprising: 

a cylindrical housing having an end on which a *5 
liquid bottle having a movable piston disposed 
therein is mountable; 

a pushing operating member which is pressed 
to be moved by more than a first predetermined 
stroke and is returned to its original position; 50 
a fixed angle rotating mechanism for converting 
movement by more than the first stroke of said 
pushing operating member into forward rota- 
tion of a predetermined angle; and 
a screw which is held in said cylindrical housing 55 
so as to be rotatable by screwing and is dis- 
posed so as to advance by a second predeter- 
mined stroke when it is rotated in a forward di- 



22 

rection through the predetermined angle by 
said fixed angle rotating mechanism to press 
the piston in said liquid bottle. 

2. The liquid feeding mechanism according to claim 1 , 
wherein said first stroke is longer than said second 
stroke. 

3. The liquid feeding mechanism according to claim 1 
or 2, further comprising a stopper for regulating the 
amount of movement of said pushing operating 
member. 

4. The liquid feeding mechanism according to any one 
of claims 1 to 3, wherein said screw is provided with 
a portion projecting outward at a tip end thereof, and 
a tip end of said portion is rounded. 

5. The liquid feeding mechanism according to any one 
of claims 1 to 4, further comprising a returning 
mechanism which engages with said fixed angle ro- 
tating mechanism for rotating said fixed angle rotat- 
ing mechanism in a reverse direction to cause said 
screw to retreat. 

6. The liquid feeding mechanism according to claim 1 , 
wherein 

said pushing operating member comprises a 
knob guiding member which is provided so as 
to be rotatable at the other end of said cylindri- 
cal housing, a knob shaft which is provided so 
as to be axially movable in a state where the 
rotation thereof is prevented by the knob guid- 
ing member, and a knob which is provided at 
an outer end of the knob shaft, and 
said fixed angle rotating mechanism comprises 
a fixed angle rotating member which engages 
with said screw so as to be rotated together with 
the screw and so as to be movable along the 
axis direction of the screw, a sliding finger 
which is fixed to the fixed angle rotating mem- 
ber, extends along the knob shaft, and has a 
slope formed at a tip end thereof, a return 
spring for urging said fixed angle rotating mem- 
ber toward said knob guide, a cam cylinder 
which is provided inside said knob guiding 
member, and has an oblique cam surface which 
the tip end of said sliding finger brought into 
contact with and slides by a force of said return 
spring to rotate said fixed angle rotating mem- 
ber, and a pressing member which is provided 
at an inner end of said knob shaft, and has a 
cam surface for pressing said sliding finger 
against the force of said return spring in contact 
with the slope at the tip end of said sliding finger 
when said knob shaft is pressed inward through 
said knob to release the engagement of said 
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sliding finger with said cam cylinder and slightly 
rotating said fixed angle rotating member to put 
the tip end of said sliding finger on the subse- 
quent oblique cam surface of said cam cylinder. 

5 

7. The liquid feeding mechanism according to claim 6, 
wherein said returning member comprises said 
knob guiding member, said knob guiding member 
is of a cylindrical shape and is provided so as to 
cover said other end portion of said cylindrical hous- 10 
ing, an annular groove and a lock groove connect- 
ing therewith are formed on a peripheral surface of 
said other end portion of said cylindrical housing, 

an inner end of a lock pin provided so as to pene- 
trate a peripheral wall of said knob guiding member 15 
enters said annular groove or said lock groove so 
as to be movable, and a lock spring for urging said 
knob guiding member outward is provided between 
said other end of said cylindrical housing and said 
knob guiding member. 20 

8. A liquid feeding mechanism for atomizing a liquid, 
comprising: 

a cylindrical housing having an end on which a 25 
liquid bottle having a movable piston disposed 
therein is mountable; 

an operating member which is moved by a 
manual operation and is returned to its original 
position; 30 
a fixed angle rotating mechanism for converting 
movement of said operating member into for- 
ward rotation of a predetermined angle; and 
a screw which is held in said cylindrical housing 
so as to be rotatable by screwing and is dis- 35 
posed so as to advance by a predetermined 
stroke when it is rotated in a forward direction 
through the predetermined angle by said fixed 
angle rotating mechanism to press the piston 
in said liquid bottle. aq 

9. A liquid bottle, which has a minute hole formed at a 
tip end thereof, opens at a distal end thereof, has a 
movable piston disposed therein, and is provided 
with a catch used to mount the liquid bottle on a liq- 45 
uid feeding mechanism for pressing said piston and 

for resisting a force for pressing said piston. 

10. The liquid bottle according to claim 9, wherein said 
piston is formed of an elastic member, and is pro- 50 
vided with a hard receiving member which receives 

a pressing force from said liquid feeding mecha- 
nism. 

11. The liquid bottle according to claim 9 or 10, wherein 55 
said catch is a flange formed at the distal end. 

12. The liquid bottle according to any one of claims 9 to 



1 1 , further comprising a cap for covering said tip end 
including said minute hole. 

13. An atomizing mechanism comprising an atomizing 
chamber in which at least a part of an ultrasonic vi- 
brator is provided, wherein a liquid feeding hole is 
formed on a wall of the atomizing chamber, a liquid 
feeding pipe is provided from the liquid feeding hole 
toward the inside of the atomizing chamber, a tip 
end of the liquid feeding pipe reaches the vicinity of 
said ultrasonic vibrator, and a liquid buffer exists in 
a part of said liquid feeding hole or the liquid feeding 
pipe. 

14. The atomizing mechanism according to claim 13, 
wherein said liquid feeding pipe is a hole communi- 
cating with said liquid feeding hole and formed in a 
projection formed integrally with the wall of said at- 
omizing chamber so as to project toward the inside 
of said atomizing chamber. 

15. The atomizing mechanism according to claim 13 or 
14, wherein said liquid buffer is a clearance be- 
tween a tip end of the liquid bottle having the minute 
hole for feeding the liquid into the atomizing cham- 
ber through said liquid feeding hole formed therein 
and an outer surface of the wall of the atomizing 
chamber. 

16. The atomizing mechanism according to claim 13 or 
14, wherein said liquid buffer is a liquid reservoir 
formed halfway in said liquid feeding hole or the liq- 
uid feeding pipe and opening toward the air. 

17. The atomizing mechanism according to any one of 
claims 1 3 to 1 6, wherein a tip end of said liquid feed- 
ing pipe is obliquely cut. 

18. The atomizing mechanism according to any one of 
claims 13 to 17, wherein said ultrasonic vibrator 
comprises a horn and a mesh plate provided on an 
upper end surface of the horn. 

19. An atomizing mechanism comprising: 

an atomizing casing having a cylindrical atom- 
izing chamber having a hole formed on its lower 
surface; 

a horn, a part of which projects into said atom- 
izing chamber from said hole of said casing, 
driven by ultrasonic vibration; 
a mesh plate disposed on an upper end surface 
of said horn; 

a pressing spring for urging said mesh plate in 
the direction in which the mesh plate is brought 
into contact with the upper end surface of said 
horn; 

a liquid feeding pipe penetrating the wall of said 
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atomizing chamber, and introduced into the vi- 
cinity of the upper end portion of said horn; and 
a plate placed on a bottom surface of said at- 
omizing chamber and having a hole formed 
therein having such an inner diameter as to 5 
hold a clearance between the hole and a pe- 
ripheral surface of said horn. 

20. The atomizing mechanism according to any one of 
claims 1 3 to 1 8, further comprising a driving control w 
circuit for stopping the driving of said ultrasonic vi- 
brator once at the time point when the atomization 

of the liquid fed into the atomizing chamber through 
said liquid feeding pipe is almost terminated, and 
then driving said ultrasonic vibrator once or inter- *5 
mittently a plurality of times in a short time. 

21. The atomizing mechanism according to claim 20, 
wherein the ultrasonic vibrator is more strongly vi- 
brated in said short time. 20 

22. In a device for feeding a predetermined amount of 
liquid to an ultrasonic vibrator to atomize the liquid 
by the vibration of the ultrasonic vibrator, an atom- 
ization controller comprising: 25 

means for detecting the time point where the 
atomization of the liquid fed into the ultrasonic 
vibrator is almost terminated; and 
first control means for carrying out control so 30 
as to stop the driving of the ultrasonic vibrator 
once in response to the detection of the time 
point where the atomization of the liquid is al- 
most terminated and to drive the ultrasonic vi- 
brator once or intermittently a plurality of times 35 
in a short time after an elapse of a short time 
since the driving was stopped. 

23. The atomization controller according to claim 22, 
further comprising 40 

means for detecting the feed of the liquid to the 
ultrasonic vibrator in a state where the ultrason- 
ic vibrator is weakly vibrated, and 
second control means for carrying out control 45 
so as to drive the ultrasonic vibrator by normal 
power in response to the detection of the feed 
of the liquid. 

24. The atomization controller according to claim 23, so 
wherein the first control means carries out control 

so as to drive the ultrasonic vibrator more strongly 
than the second control means. 

25. The atomization controller according to claim 23, 55 
further comprising third control means for carrying 

out control so as to weakly vibrate the ultrasonic vi- 
brator in response to the turn-on of a power switch. 



26. A liquid atomizer, wherein an atomizing chamber is 
provided in a part of a device housing, a liquid feed- 
ing mechanism is provided in the other part of the 
device housing, at least a part of a ultrasonic vibra- 
tor is disposed inside said atomizing chamber, a liq- 
uid feeding hole is provided in a part of a wall of said 
atomizing chamber, a liquid bottle having a minute 
hole formed at its tip end and having a movable pis- 
ton provided therein is mountable on one end of 
said liquid feeding mechanism, said liquid feeding 
mechanism can be positioned such that the minute 
hole of the liquid bottle mounted on said liquid feed- 
ing mechanism and the liquid feeding hole formed 
in said atomizing chamber coincide with each other, 
and said liquid feeding mechanism has a manual 
operating member and a pressing mechanism for 
causing the piston in the mounted liquid bottle to 
advance by a predetermined stroke when the man- 
ual operating member is operated. 

27. The liquid atomizer according to claim 26, wherein 
a small clearance exists between the tip end, at 
which the minute hole is formed, of said liquid bottle 
and an outer surface of the wall, on which the liquid 
feeding hole is formed, of said atomizing chamber 
at a position where the minute hole of said liquid 
bottle and the liquid feeding hole of said atomizing 
chamber coincide with each other. 

28. The liquid atomizer according to claim 26 or 27, 
wherein said ultrasonic vibrator comprises an ultra- 
sonic vibrator horn at least a part of which is dis- 
posed in said atomizing chamber and a mesh plate 
disposed so as to be brought into contact with an 
upper end of the horn by being pressed by a spring, 
the liquid feeding pipe extends from said liquid feed- 
ing hole toward the vicinity of the upper end portion 
of said horn. 

29. The liquid atomizer according to claim 28, wherein 
the tip end of said liquid feeding pipe is obliquely cut. 

30. The liquid atomizer according to any one of claims 
26 to 29, wherein said device housing is provided 
with a mounting member for detachably mounting 
said liquid feeding mechanism. 

31. The liquid atomizer according to claim 30, wherein 
said mounting member is movable. 

32. The liquid atomizer according to any one of claims 
26 to 31, wherein said device housing is provided 
with a positioning member for said liquid feeding 
mechanism. 

33. The liquid atomizer according to claim 26, compris- 
ing a cover for covering at least its part provided 
with said atomizing chamber. 
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34. The liquid atomizer according to claim 26, wherein 
said liquid feeding mechanism comprises a fixing 
member for fixing said liquid bottle. 

35. The liquid atomizer according to claim 26, wherein 5 

said liquid feeding mechanism comprises a cy- 
lindrical housing having an end on which said 
liquid bottle is mountable, 

said manual operating member is moved by a 10 
manual operation and is returned to its original 
position, and 

said pressing mechanism comprises a fixed an- 
gle rotating mechanism for converting move- 
ment of said manual operating member into for- 15 
ward rotation of a predetermined angle, and a 
screw which is held in said cylindrical housing 
so as to be rotatable by screwing and is dis- 
posed so as to advance by a predetermined 
stroke when it is rotated in a forward direction 20 
through the predetermined angle by said fixed 
angle rotating mechanism to press the piston 
in said liquid bottle. 



elastic member provided in the bottle, having a 
movable piston provided at the other end, and filled 
with a liquid, comprising: 

inner and outer accommodating portions which 
are fitted to each other so as to be movable, the 
inner accommodating portion accommodating 
the liquid bottle so as to be movable, and com- 
prising a hollow needle and a returning mem- 
ber, and the outer accommodating portion com- 
prising a member for pressing the piston in the 
liquid bottle, 

said inner accommodating portion being 
moved when the piston in the liquid bottle ac- 
commodated in the inner accommodating por- 
tion is pressed by said pressing member man- 
ually operated, said needle penetrating said 
elastic member so that the liquid in the liquid 
bottle is fed into the ultrasonic vibrator through 
said needle, and said inner accommodating 
portion being returned by said returning mem- 
ber when a pressing force of said pressing 
member is removed. 



36. The liquid atomizer according to claim 35, wherein 25 
said liquid feeding mechanism further comprises a 
returning mechanism which engages with said fixed 
angle rotating mechanism and rotates in a reverse 
direction said fixed angle rotating mechanism to 
cause said screw to retreat. 30 

37. The liquid atomizer according to claim 26, wherein 
said device housing has a driving control circuit pro- 
vided therein for stopping the driving of said ultra- 
sonic vibrator once at the time point where the at- 35 
omization of the liquid fed into the atomizing cham- 
ber through said liquid feeding pipe is almost termi- 
nated, and then driving said ultrasonic vibrator once 

or intermittently a plurality of times in a short time. 

40 

38. The liquid atomizer according to claim 26, wherein 
said device housing has a controller provided there- 
in, said controller comprising 

means for detecting the time point where the 45 
atomization of the liquid fed into the ultrasonic 
vibrator is almost terminated, and 
control means for carrying out control so as to 
stop the driving of the ultrasonic vibrator once 
in response to the detection of the time point 50 
where the atomization of the liquid is almost ter- 
minated, and then drive the ultrasonic vibrator 
once or intermittently a plurality of times in a 
short time after an elapse of a short time since 
the driving was stopped. 55 

39. An Inhaler using a liquid bottle having a hnlR nro- 
vided at its one end, the hole being sealed with an 



40. An ultrasonic vibrator comprising a horn in an ap- 
proximately conical shape, a piezoelectric element 
provided at the base of the horn, and a resonance 
plate in a disk shape integrally formed at a tip end 
of the horn, in which 

an end surface at the base of the horn which is 
provided with said piezoelectric element is in a 
spherical shape, and the piezoelectric element 
is provided along the end surface in the spher- 
ical shape. 
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